Introduction
The incidence of idiopathic nephrotic syndrome(NS) is estimated to be 2-7/100,000 in children below 16 years of age 1) . Idiopathic NS in children is classified as steroid sensi tive or steroid resistant. Steroid sensitivity is most often associated with minimal changes in histology and a more favorable prognosis with resolution of relapsing NS, whereas steroid resistance is frequently associated with a focal segmental glomerulosclerosis (FSGS) histology 2, 3) . Children with steroid resistance are prone to having a complicated clinical and therapeutic course, with endstage renal failure in 30-40% of them progressing to endstage renal disease (ESRD) during longterm followup 4) . Some initially steroidsensitive patients later develop steroid resistance, while the opposite also occurs. However, data on the variability of steroid responsiveness in idiopathic childhood NS patients with respect to disease course and prognosis of LSR(late steroid resistance)/LSS(late steroid sensitiveness) patients are scarce 2) . We hypothesized that these patients showed relatively different clinical course and longterm outcome compared to those with initial steroid sensiti veness/ resistance.The purpose of this study was to find out the variability in steroid responsiveness and longterm outcomes of LSR/LSS patients with idiopathic childhood NS.
Materials and methods

Patients
We retrospectively reviewed the medical records of 480 cases with idiopathic childhood NS who had been managed with standard steroid therapy at Asan Medical Center Children's Hospital from 1990 to 2013. Twenty four patients with changed responsiveness to steroids within a minimum 2 year period of followup (2-17.5 years) were investigated.
Demographic variables, blood pressure, and laboratory data including serum creatinine, serum albumin, urinalysis, and 24 hour urine protein were reported at the time of initial diagnosis of NS and during followup. Time to development of LSR after the diagnosis of NS and the frequency of relapses until development of LSR were reported. Each nonsteroid immunosuppressive drug used and patient responsiveness to each drug were reported. Changes in steroid responsiveness and the final clinical status were reported. All patients underwent a renal biopsy and further biopsies were performed in patients who presented unexpected clinical deterioration. The specimens were examined by light, immunofluo rescence, and electron microscopy by the renal pathologist. ) every other day 6) . LSR was defined as initial complete remission (CR) of proteinuria in response to steroids and subsequent resistance to steroid therapy. LSS was defined as initial resistance to steroid and subsequent response to steroid therapy. Frequentlyrelapsing nephrotic syndrome (FRNS) was defined as NS with two or more relapses within 6 months, or four or more relapses within 12 months. A positive response to a drug was defined as proteinfree urine (less than 4mg/hour/m 2 or negative dipstick) on at least three consecutive days.
Definitions
Treatment
Children diagnosed as LSR were treated with the following regimens. Cyclosporine (CsA) was started at 5 mg/kg/24 h and then the dose was modified to achieve a trough level of 100-150 ng/mL If patients responded to CsA, we had used this for average 1 year. If patients had not achieved CR with CsA for 3 months, we discontinued CsA and used the Mendoza protocol with methylpre dniso lone pulse and cyclophosphamide 7) . www.chikd.org
Results
Incidence of changes in steroid responsiveness
Four hundred and eighty patients with idiopathic NS received the standard steroid therapy described above at the first episode of NS. Initial CR was achieved in 428 patients (89%). Fifty two patients (11%) were SR. In those patients who achieved CR with standard initial steroid therapy, 11 patients (2.5%) developed steroid resistance during subsequent relapses. Of the 52 initial SR patients, 13 patients (25%) later achieved CR with steroid therapy during subsequent relapses. Overall, 24 (5%) of patients with idiopathic childhood NS experienced a change in steroid responsiveness.
Clinical presentations and outcomes in children
with LSR A total of 11 patients developed LSR during the study period. The followup period of these patients ranged from 3 years to 17.5 years (10.0±4.6 years). Patient characteris tics at initial diagnosis of NS, the responsiveness to the im munosuppressant regimen, and the clinical course over the study period are presented in Table 1 . All 11 patients had documented CR after the initial course of standard steroid therapy. The patients comprised 6 males(54%) and 5 females(45%) with a mean age at diagnosis of NS of 7.1±4.3 years. The mean serum albumin concentration at presentation was 1.68± 0.47g/dL and the mean serum cre atinine concentration was 0.42± 0.15 mg/dL. Median time from the diagnosis of NS to the development of LSR was 10.7 months (range: 2-40 months). In 9 of the 11 patients, the time to late resistance after onset of NS was shorter than 1 year. Seven patients developed LSR at the 1 st relapse and three patients developed LSR at the 2 nd relapse. Except for three patients, all LSR patients were infrequent re lapsers until late resistance developed. The 11 patients with LSR received initially immunosup pressant regimens with cyclosporine over the study period. Of these patients, six achieved CR. Three patients respond ed to a methylprednisolone pulse and cyclophos phamide after their disease could no longer be controlled by cyclo sporine. Only two patients (18%) did not respond to these immunosuppressants (no. 5 and no. 8). Patients with resis tance to therapy eventually developed ESRD. Two of nine patients who responded to therapy did not have relapse during followup period(no. 2 and no. 3). The other 7 (63%) subsequently relapsed for 1.2 to 10.6 years and 4 of them continued to respond to steroid. Three of 7 later ex perienced several changes in steroid responsiveness. One of 3 patients who developed subsequent steroid resistance Responsiveness to immunosuppressants other than ste roids was considered to be the most important determi natnt for the longterm prognosis of LSR patients.
with LSS Initial steroid resistance was noted in 52 (11%) patients. Of 52 steroid nonresponders, 24 responded to CsA or methylprednisolone pulse with cyclophosphamide.Follow ing this treatment, 11 patients went into remission and showed no relapses until the end of the observation peri od. However, 13(25%) of 52 initial steroid nonresponders developed further relapses that were steroid sensitive. We defined this phenomenon as late steroid sensitiveness.
All 13 patients with LSS relapsed after cessation or during reduction of CsA and showed changes in steroid respon siveness during this period. The followup period of these patients ranged from 2 years to 13.8 years (7.4±4.1 years). Patient characteristics at initial diagnosis of NS and the clinical courses are presented in Table 2 . All 13 patients had documented CR in response to CsA. The patients comprised of 12 males (92 %) and one female (8 %) with a mean age at diagnosis of NS of 3.9±1.5 years. The mean se rum albumin concentration at presentation was 1.36± 0.44g/dL and the mean serum creatinine was 0.35± 0.19 mg/dL. Median time from the diagnosis of NS to the change in steroid responsiveness was 10.01 months (range:4-33 months). Twelve patients changed to LSS at the 1 st relapse and one patient changed to LSS at the 3 rd relapse. The time to a change in steroid responsiveness in 10 of 13 patients was shorter than 1 year from initial diagnosis of NS( 
Discussion
In this study, we characterized a subset of patients with childhood NS who developed a clinical course with late resistance to steroid treatment after initial responsiveness or late sensitivity to steroid treatment after initial resis tance. LSS and LSR are rare phenomena, and their patho physiologies are not well understood. Isolated larger studie s of these patients have not been performed so far due to the rarity of this condition and the limited availability of data on the longterm outcomes of these children with childhood NS 8) . Steroid resistance developed after initial remission in 3.3% of the ISKDC subjects 5) . According to the ISKDC, SR is defined as patients who fail to respond during the first 8 weeks to initial steroid treatment 5) . Kim et al. reported a higher incidence than that reported by the ISKDC. In this study, published in 2005, 115 (63%) out of 163 newonset idiopathic NS patients were initially steroid sensitive, but 19 (17%) of these later became LSR [2] . In this study, SR was defined as no response after 4 weeks of daily steroid treatment. In the report of Zagury A.et al, LSR, defined as no response after 8 weeks of daily prednisone therapy, developed in 22 out of 639 (3.4%) children with SSNS 10) . In our study, we defined SR as a lack of remission after 8 weeks of relapse treatment (60 mg/m . We also defined SR as a failure to go into remission after a treatment of 4 weeks with daily steroid therapy (60 mg per m www.chikd.org . Applying this definition, the prevalence of LSR within our patients with initial SSNS amounted to approximatively 2.5%. Kim et al. suggested that the epidemiology of steroid responsiveness in childhood NS patients is changing because prior reports done before 1990 showed that only 1% to 5% of children with NS develop LSR 2, 8, 9) . However, our data were collected from patients diagnosed more recently than the data they collected. Thus, we believe that the high prevalence of LSR in Kim's report might be due to the shorter course of steroid.
An interesting finding in our study was that LSR during subsequent relapses, mostly occurred between 1 month and 1 year after the initial episode. We also found that 7 of 11(63%) LSR subsequently developed late resistance at the 1 st relapse. In a study of Tarshish P et al., only 2 of 15 late non responders (13%) were frequent relapsers 5) . Kim et al. also reported that early relapse after initial remission and the occurrence of the first relapse while receiving the initial course of steroids were predictive factors of LSR 2) .All these data including our study showed that an early relapse after initial remission and infrequent relapses were related to the occurrence of LSR.
Patients with late resistance seem to have a better outcome than those with initial resistance 9) . In the study of Jagury A et al., 2 (9%) of 22 children with late resistance and 55 (48.2%) of 114 with initial resistance progressed to ESRD 10) . Otukeshet al. found a better kidney survival rate in LSR: 83%of patients with LSR still had normal kidney function at 15 year after disease onset versus 34% of initial non responders at 15 years after disease onset 11) . Straatmann C. . According to our study, of 52 initial steroid nonresponders, 28 (54%) did not respond to immunosuppressants and 14 (27%) developed renal insufficiency, while only two (18%) of eleven LSR patients remained resistant to all treatments and progressed to ESRD. Therefore, LSR had better prognosis than initial SR as shown in other studies.
Of the 11 LSR patients in this study, MCD was observed in 8 patients and FSGS in 3 patients on initial histology. Diagnosis based on histologic findings did not seem to correlate with final outcome. Srivastava RN reported that of 11 LSR patients, 4 with resistance to cyclophosphamide eventually developed renal insufficiency 9) . Even though 7 of our LSR patients continued to have relapses and experience ongoing changes in steroid responsiveness, they maintained normal kidney function.Importantly, our findings showed that renal pathology or ongoing changes in steroid respon siveness did not influence the longterm prognosis of LSR patients and responsiveness to immunosuppressants was the most important prognostic factor 15) . The concept of LSS in children with nephrotic syndrome who were initially steroid resistant is not yet established, and the epidemiology and longterm outcomes of children who experience LSS have not been studied. Our findings showed that a surprisingly large number of patients (13 patients, or 25%) changed their responsiveness to steroids at subsequent relapses, despite being initially steroid resistant. Interestingly, in contrast to LSR patients, patients with LSS experienced no further changes in steroid responsiveness and showed good longterm prognosis. It appears that the current prevalence of LSS and the clinical course of NS patients with LSS have not been reported. We also found that among 13 patients with LSS, 9 showed MCD and 4 showed FSGS on renal biopsies. Our observations suggest that patients with LSS are a heterogeneous group and that an FSGS histology is not invariably associated with a poor prognosis. This study represents an important step toward designing future studies on the unique phenomenon of LSS in pediatric NS patients.
This study has several limitations. First, this study is retrospective in nature. A retrospective study may be inadeq uate with respect to the enrollment of relevant patients and complete follow up data. A complete followup period might have revealed less favorable outcomes in some patients. Second, all data were collected from a single center. Thus, simplicity of the geographic locations, impossibility to compare results between centers, and no variations in the management of childhood NS decrease the ability to extend the results of this study to other patients.
The strength of this study is that it is the first single center study to describe the longterm disease course and longterm outcome of LSR/LSS patients and it is the first observational study composed of a single ethnic group, Korean. While our data will increase our understanding of LSR/LSS, further study will be needed to develop evidencebased practice guidelines. A large prospective study is required to study the epidemiology, treatments, and outcomes of patients with LSR/LSS.
In summary, our data show that 2.5% of initial steroid responders and 25% of initial steroid nonresponders changed their responsiveness to steroid. Our study showed that most patients with LSR/LSS have a relatively good longterm outcome when they are treated with immuno suppressive medications. Responsiveness of immuno sup pressants seems to be the most important factor to take into consideration when making longterm prognoses for LSR/LSS patients.
